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ABSTRACT Many antigen-specific T cells die after expo-
sure to antigen in animals. These cells also die if they are
isolated from animals shortly after activation and cultured.
Various cytokines were tested for their ability to interfere with
this in vitro death. Surprisingly, tumor necrosis factor a and
other inf lammatory cytokines did not prevent the in vitro
death of activated T cells, even though these cytokines do
prevent activated T cell death in animals. Therefore, the
inf lammatory cytokines probably act on T cells in vivo via an
intermediary factor. Four cytokines, interleukin (IL)-2, IL-4,
IL-7, and IL-15, did prevent activated T cell death in vitro, with
IL-4 and IL-15 more effective than IL-2 or IL-7. These
cytokines share a component of their receptors, the common
g chain, gc. Therefore, their collective ability to protect
activated T cells from death may be mediated by signals
involving gc. To assess their activity in vivo, two of the
cytokines, IL-2 and IL-4, were expressed in animals at local
sites of superantigen responses. Both cytokines increased the
numbers of T cells found at the local sites 14 days later.
Interleukin 4 was more effective than IL-2, even though IL-2
stimulates T cell proliferation better than IL-4. This result
suggested that IL-4 and related cytokines can promote T cell
survival in vivo as well as in vitro. The ability of these cytokines
to prevent the death of activated T cells may be important at
certain stages of immune responses in animals.

In animals, stimulation with antigen or superantigen activates
T cells specific for the antigen, such that they divide for a few
days and then die (1–4). They probably die for several reasons.
For example, activation induces increased expression of Fas
and tumor necrosis factor (TNF) receptors on T cells. En-
gagement of these receptors by their ligands can induce
apoptosis in the target T cells (5–7). Also, as antigen disap-
pears from the animal the activated T cells probably become
deprived of growth factors such as interleukin (IL)-2 and die
for lack of their support (8, 9). Events such as these probably
help clear the animal of many of the T cells that are activated
during an immune response and may also protect the animal
against autoimmune attack by its own T cells.

That stimulated T cells are very likely to die has many useful
consequences; however, it is incompatible with a productive
immune response. Therefore, during an immune response to
an infectious agent T cells must be protected against death
caused by the phenomena described above. Several candidates
for protective agents have been suggested. For example,
immune responses often cause increases in the levels of B7–1
and B7–2 on macrophages, B cells, and dendritic cells (10–12).
B7–1 and B7–2 interact with CD28 on T cells, thereby inducing
expression of Bcl-XL in the T cells (13–18). Bcl-XL is thought

to protect cells against apoptotic death (13–20). We have
shown, however, that activated T cells can survive in animals
in which reaction of CD28 with B7 proteins is blocked (21).
Therefore, other mechanisms to protect T cells against acti-
vation-induced death must exist.

A few years ago we demonstrated that bacterial lipopoly-
saccharide (LPS) protected activated T cells against death in
vivo (22). Action of the LPS depended on its induction of
inflammatory cytokines such as TNFa and converted the
activated T cells into a state in which they were resistant to
Fas-induced death.

In addition, recent experiments have suggested that the
cytokine, IL-7, may be intimately involved with T cell survival
in vivo (23). For example, thymocyte development is severely
compromised in animals that lack IL-7 or components of its
receptor (24–28), and T cells that mature in such animals have
shortened half lives and abnormal phenotypes (29, 30). These
deficiencies can be overcome in IL-7 knockout mice by the
introduction of a transgene driving expression of Bcl-2 (31, 32),
a protein related to Bcl-XL that is also associated with inhi-
bition of cell death (19, 20, 33, 34). It is therefore likely that the
life and death of mature T cells might be affected by cytokines
such as IL-7, and, in fact, recent experiments by ourselves and
others have shown that this is so (9, 35).

With these points in mind, experiments were done to find
out whether any cytokines might inhibit the death of antigen-
activated T cells in vitro. Of the many cytokines tested, only
four, IL-2, IL-4, IL-7, and IL-15 prevented the deaths of
activated T cells in vitro. These cytokines are members of the
same family in that their receptors share the IL-2 receptor
(IL-2R) common gamma chain, gc (36–39). Therefore, it is
likely that the four active cytokines rescue via a common
pathway. The data in this paper show that inhibition of
activated T cell death by one of these cytokines, IL-4, is
accompanied by increased expression of the death-resisting
protein, Bcl-2, and that for two of these cytokines, IL-4 and
IL-7, resistance to death is not accompanied by massive
proliferation. Hence these cytokines appear to act as true
survival factors as well, in some cases, as active stimulators of
proliferation. Finally, two of the cytokines, IL-2 and IL-4, were
tested in vivo for their rescuing activities. One, IL-4, was
particularly active, suggesting that this family may have some
survival-stimulating abilities in whole animals as well as in
vitro. Therefore, it is possible that these cytokines operate at
particular times in immune responses not only to promote T
cell division but also to protect T cells against death.

MATERIALS AND METHODS

Mice. Breeding pairs of mice transgenic for a T cell receptor
(TCR) bearing Vb3 and specific for moth cytochrome c
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88–104 bound to IEk were generously given to us by Stephen
Hedrick. These animals were bred and maintained in the
Biological Resource Center at National Jewish Medical and
Research Center.

T Cell Activation, Culture, and Staining. T cells were
activated in vivo by intraperitoneal injection of AD10 mice with
0.1 mg of the Vb3 reactive superantigen, staphylococcal en-
terotoxin A (SEA, Toxin Technology, Sarasota, FL). Two days
later T cells were purified from the mice by passage of lymph
node cells over sterile nylon wool columns, a procedure that
does not affect the ratio of activated to resting T cells in the
population (40). The cells were cultured in fortified culture
medium containing 10% fetal bovine serum (FBS) at 106 cells
per ml for 24 or 48 hr. Cells were then harvested and counted,
and the percentages of apoptotic cells were measured by
staining with propidium iodide as previously described.

Cells were analyzed for expression of surface proteins by
fluorescent staining. Staining was performed in BSS, 5%
FBSy0.1% sodium azide on ice with 30-min incubations and
thorough washes to remove unbound stains. Reagents used
were biotinylated anti-TCR Vb3 with streptavidin CyChrome,
phycoerythrin-conjugated anti-CD4, and fluorescein (FL)-
conjugated anti-Fas or anti-CD69. All reagents were pur-
chased from PharMingen. For each sample more than 10,000
cells were analyzed on a FACScan instrument (Becton Dick-
inson Immunocytometry Systems).

Immunoblots. AD10 mice were injected intraperitoneally
with 0.1 mg SEA. Two days later their lymph node T cells were
purified on nylon wool columns. The cells were then cultured
at 5 3 106yml in the presence or absence of 1 mgyml IL-4. At
various times thereafter cells were harvested and lysed in 0.5%
Nonidet P-40, 100 mM sodium chloride, 2 mM DTT, 1 mM
EDTA, 20 mM Hepes (pH 7.2), 1.0 mM PMSF, and 1 mgyml
aprotinin. Lysates were cleared with a 12,000 3 g spin at 4°C
for 10 min. Volumes of lysate containing approximately 106

cell equivalents were fractionated on SDSyPAGE by using a
Bio-Rad minigel apparatus. The fractionated proteins were
transferred to Immobilon polyvinylidene difluoride mem-
branes (Millipore) in 48 mM Tris, 39 mM glycine, and 20%
methanol, pH 9.2, by using a semi-dry transblot apparatus
(Bio-Rad). The blots were blocked overnight at 4°C with
Tris-buffered saline containing 0.1% Tween-20 (Sigma) and
5% nonfat dried milk. The blots were probed with polyclonal
rabbit anti-Bcl-2 or anti-Bcl-XL (Santa Cruz Biotechnology).
Membranes were developed with alkaline phosphatase probes
by using ECL Western blotting reagents (Amersham).

Superantigen and Cytokine Gene Expression Vectors. The
SEA gene was cloned into a eukaryotic expression vector, PCR
3.1 (Invitrogen), which contains a cytomegalovirus promoter.
In vitro and in vivo expression of the gene was confirmed as
previously described (41). The full-length cDNA for IL-4 was
cloned by PCR from Con A-stimulated mouse spleen cells, and
mouse IL-2 cDNA was obtained from the American Type
Culture Collection. cDNAs for both cytokines were placed in
the PCR3 eukaryotic expression vector. Expression of both
cytokines was confirmed by in vitro transfection and IL-2 or
IL-4 ELISA (PharMingen). The PCR3 expression vector with-
out insert was used as the empty vector control.

In Vivo Gene Transfer and Expression. Plasmids were
propagated in E. coli, and their DNAs were isolated by
modified alkaline lysis and purified by ultracentrifugation and
CsCl banding. Purified plasmid DNA was resuspended in
sterile PBS at 0.5 mgyml. One hundred micrograms of each
DNA was injected into each quadricep muscles of anaesthe-
tized mice as described previously (41). Gene expression after
such injections were confirmed as described in the Results
section. In some cases, IL-4 produced after intramuscular
injection in vivo was neutralized by daily intraperitoneal in-
jections of 0.5 mg purified 11B11, a rat anti-mouse IL-4,
beginning 12 hr after DNA injection and continuing for 5 days.

To measure cytokine expression in muscles, the quadricep
muscles were placed in cell lysis buffer (Analytical Lumines-
cence Laboratories, Ann Arbor, MI) and homogenized with a
polytron. The supernatants of the homogenates were assayed
for IL-2 and IL-4 by ELISAs (PharMingen). The ELISAs for
both IL-2 and IL-4 were sensitive to 1.0 pgyml cytokine.
Protein concentration in the homogenates was determined
with a BCA assay (Pierce).

RESULTS

Inhibition of Apoptosis of Activated T Cells. Examination of
T cell survival or death requires a uniform population of cells
destined to die or live. Therefore, for many of the experiments
described in this paper we used T cells from AD10 transgenic
mice. Experiments showed that more than 90% of the T cells
in young AD10 mice young mice bore Vb3 and CD4 and were
activated, as defined by increase in size and expression of CD69
and Fas, by injection of the Vb3 specific superantigen, SEA.

Many experiments have shown that T cells activated in vivo
by antigen or superantigen go on to die. We have previously
shown that inflammatory cytokines can prevent this death in
animals (22); however, it is difficult to establish in vivo that a
given cytokine is acting directly on T cells rather than via some
intermediate cell. Therefore, we decided to test various cyto-
kines for their ability to act directly on activated T cells and
prevent cell death with cultures of purified T cells isolated
from animals 2 days after exposure to superantigen, at a time
when they were on the verge of dying in the animal.

Purified T cells from AD10 mice given SEA 2 days previ-
ously died readily in vitro. Nearly half the cells were dead after
24 hr of culture, and their death could not be blocked by
inhibiting the ligation of Fas or by ligating CD28 (data not
shown). A number of cytokines, including many inflammatory
cytokines such as TNFa, failed to prevent this death (data not
shown). Therefore, the inflammatory cytokines that were
previously shown to be effective in vivo probably did not affect
T cells directly but rather via an indirect route with other cell
types as intermediaries.

Of the many cytokines tested, only IL-2, IL-4, IL-7, and
IL-15 prevented the in vitro death of T cells activated in vivo
(Fig. 1). On a concentration basis, IL-4 and IL-15 were more
efficient than IL-2 or IL-7 at inhibiting death. Two other
members of the IL-2 family, IL-9 and IL-13, did not block
death at all. This was probably for the following reasons.
High-affinity receptors for IL-9 have not been found on T cells
activated for short time periods (42), and therefore it is
possible that they are also absent from SEA-activated T cells.
Also, although the IL-13 receptor shares many activities with
that of IL-4, unlike the IL-4 receptor, it does not operate via
the gc and cannot activate Jak3 (43). This last result suggests
that one of the crucial factors in the rescuing activities of IL-2,
IL-4, IL-7, and IL-15 is their ability to act via the gc.

Some members of the IL-2 family stimulate activated T cells
to divide. It therefore was possible that the cell survival
observed in cultures of activated cells in the presence of these
cytokines was due to overgrowth of the cultures by a few cells
that were stimulated to divide, rather than inhibition of death
of all the cells in the culture. To check this possibility, we
evaluated the DNA content of the T cells after 24 and 48 hr
of culture with IL-2, IL-4, IL-7, or IL-15. As expected, IL-2
stimulated activated T cells to proliferate, and after 48 hr
culture with this cytokine, 19% of the activated T cells were in
SyG2M (Fig. 2). IL-15 had the same effect and 33% of the
activated T cells were in SyG2M after 48 hr of culture. In
contrast, IL-4 and IL-7 induced much smaller percentages of
the cells to enter S phase, with only 3 or 4% of the cells,
respectively, containing greater than 2 N amounts of DNA
after 48 hr of culture. In spite of this, IL-4 and IL-7 prevented
activated T cell death as effectively as IL-2 and IL-15. Thus,
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members of this cytokine family did act as real survival factors.
Experiments in which cell division was monitored by 3H
thymidine incorporation led to similar conclusions. In 24-hr
assays all four of these cytokines prevented cell death in the
absence of detectable stimulation of 3H thymidine usage or cell
division (Fig. 1 and data not shown).

We have previously shown that members of this same family
of cytokines prevent death of resting T cells in vitro (35). The
effects described in this section were not due to the rescue of
resting cells, however, because IL-2 and IL-15 have little effect
on resting cells and because IL-6, a potent rescuer of resting T
cells, had no effect on these activated cells (35, 44).

IL-4 Prevents the Decay of Bcl-2 in Activated T Cells. T cell
survival is often associated with higher levels of Bcl-2 andyor
Bcl-XL (31–34). We therefore measured the effect of IL-4,
which prevented the death of activated T cells and caused
relatively little proliferation, on the intracellular amounts of
these proteins. AD10 T cells were activated in vivo with SEA
and then cultured in the presence or absence of IL-4 for 0, 4,
24, or 48 hr. After culture, cell lysates were prepared, subjected
to SDSyPAGE, and transferred onto Immobilon membranes.
Blots were probed with antibodies specific for Bcl-2 and Bcl-XL
(Fig. 3). Immediately after isolation from animals, activated T
cells contained some Bcl-2 and Bcl-XL. These levels were

unchanged after 4 hr of culture whether or not IL-4 was
present. Culture of the activated cells for 24 or 48 hr in the
absence of IL-4 led to a dramatic decrease in the amount of
Bcl-2 and Bcl-XL detected, suggesting that the many dead cells
in these cultures contained very little of either of these
proteins. In contrast, the level of Bcl-2 in activated T cells
cultured in the presence of IL-4 for 24 or 48 hr was consid-
erably increased, suggesting that IL-4 induced Bcl-2 expression
in the activated cells, a result that has previously been de-
scribed by others. Levels of Bcl-XL, on the other hand, were
essentially unchanged by comparison with those at the begin-
ning of culture. IL-4 probably did not induce much extra
Bcl-XL expression in the T cells, but rather, because culture
with IL-4 increased the numbers of surviving cells in the
cultures, it prevented loss of the protein as the cells died.

A Role for IL-4 as a T Cell Survival Factor in Vivo. Because
IL-4 so effectively inhibited T cell death in vitro, we tested
whether this cytokine would also be active in vivo. Preliminary
experiments involved injection of animals with the superanti-
gen SEA and simultaneous andyor subsequent injection of
IL-4 or IL-2. In these experiments there was no evidence that
either cytokine rescued the T cells from death (data not
shown). These data were difficult to interpret, however, be-
cause it is impossible to know whether enough cytokine was

FIG. 2. IL-4 and IL-7 prevent T cell death without promoting massive T cell proliferation. T cells were activated, isolated, and cultured as
described in Materials and Methods, except that cells were cultured with 1 mgyml of the indicated cytokines. After 48 hr culture cells were stained
with propidium iodide to determine their DNA content. The percentages of cells in SyG2 were measured by gating on cells that contained more
than 2 N amounts of DNA. These percentages are indicated on the figure. In cultures without cytokines more than 70% of the T cells had died
and less than 5% of the cells were in cycle. Results shown are from one experiment of four similar experiments.

FIG. 3. Culture with IL-4 prevents decay of Bcl-2 and Bcl-XL in
activated T cells. T cells were activated and purified as described in the
legend to Fig. 2. Cells were then cultured at 5 3 106yml for various
lengths of time in the presence or absence of 1 mgyml IL-4. Cells were
harvested and lysed, and their lysates were run on SDSyPAGE and
Western blotted for Bcl-2 and Bcl-XL expression as described in
Materials and Methods. These data are from one experiment of four
similar experiments.

FIG. 1. IL-2, IL-4, IL-7, and IL-15 inhibit antigen-activated T cell
death. T cells were activated in vivo with SEA and purified as described
in Materials and Methods. They were cultured in triplicate wells of
96-well plates at 106 cells per ml. Cytokines were added to cultures at
the indicated concentrations. Twenty-four hours later cells were
harvested, stained with propidium iodide, and analyzed by flow
cytometry. Shown are the means 6 SEMs of the triplicate cultures.
These data are from one experiment, representative of four. Different
symbols represent the results of titrations of different cytokines as
follows: h, IL-2; e, IL-4; ‚, IL-7; E, IL-15.
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injected and whether or not it was available at the right place
and time to be effective.

We therefore tried a method that would allow release of the
cytokine for a sustained period of time in the same location in
the animal as the superantigen. Some of us have previously
shown that injection of DNA coding for SEA into the quad-
ricep muscles of mice leads to expression of SEA and sub-
stantial deletion of Vb31 T cells. To find out whether this
method would allow local production of cytokines, DNA
coding for IL-2 or IL-4 was injected into the quadricep muscles
of B10.BR mice. This procedure led to the production, 24 hr
later, of about 300 pg IL-2ymg muscle protein, or 2.5 pg
IL-4ymg muscle protein with no detectable cytokine in the
serum. Injection of the control plasmid did not cause cytokine
production. Preliminary experiments suggest that this local
production persisted for at least 14 days after injection of the
DNA.

To find out if this local expression of cytokine affected
activated T cell survival, B10.BR mice were injected in their
quadricep muscles with plasmid DNA coding for SEA and for
IL-2, IL-4, or an empty vector control. At various times
thereafter the mice were bled and the percentage of CD41
Vb31 peripheral blood T cells was determined by flow
cytometry (Fig. 4). CD4 cells bearing Vb3 disappeared very
rapidly, within 2 days, from the peripheral blood of mice
injected with SEA plus empty vector (Fig. 4). This disappear-
ance was faster than that observed when SEA was given
intravenously (22), indicating either that exposure to antigen
in muscle, unlike exposure to intravenously injected antigen,
caused target T cell death in excess of T cell division, or that
many of the Vb3 cells had temporarily migrated to the injected
muscle. CD4 Vb31 T cells remained at a very low percentage
in mice given SEA plus empty vector, indicating that they had
died (Fig. 4). Similar results were seen in animals coinjected in
their quadriceps with DNA coding for SEA and IL-2. In
animals coinjected with DNA coding for SEA and IL-4,
however, the percentages of CD4 Vb31 T cells did not fall
nearly so dramatically.

Fourteen days after injection, peripheral blood from these
mice was analyzed for the presence of Vb3 T cells (Fig. 4). The
results showed that IL-4 increased the numbers of surviving,
SEA-targeted T cells in blood whereas IL-2 did not. Similar
results were observed in lymph nodes (data not shown). In a
final test we examined the quadricep muscles into which the
genes were injected to find out whether the differences seen in
the periphery would be paralleled at the site of injection. The
muscles of mice injected with SEA and empty vector contained
many CD41 T cells 4 days after injection but very few such
cells 14 days after administration of the SEA gene (Fig. 5a and
b). By contrast, muscles injected with the genes for SEA and
IL-4 contained many CD41 T cells 14 days later (Fig. 5c).
Muscles injected with the DNAs for SEA and IL-2 contained
intermediate numbers of CD41 T cells (Fig. 5d). Preliminary
experiments (data not shown) demonstrated that many of the
CD41 T cells in the injected muscles were responding to the
SEA, because they bore Vb3.

FIG. 4. IL-4 promotes the survival of activated T cells in vivo. Mice
were injected in their quadricep muscles with DNA coding for SEA
together with DNA coding for IL-2, IL-4, or empty vector. Forty-eight
hours or 14 days later peripheral blood was harvested from the animals
and percentages of CD41 T cells bearing Vb3 were measured by flow
cytometry. Similar results were obtained from the lymph nodes of
similarly treated animals. Results shown are the means and SEMs of
four identically treated mice and are representative of two similar
experiments.

FIG. 5. IL-4 and IL-2 promote the survival of CD41 T cells in muscle. Mice were injected in their quadricep muscles with DNA coding for
SEA together with DNA coding for IL-2, IL-4, or empty vector. Fourteen days later the injected muscles were sectioned and stained for expression
of CD4. (a) Muscles injected 4 days previously with DNA coding for SEA and empty vector. (b) Muscles injected 14 days previously with DNA
coding for SEA and empty vector. (c) Muscles injected 14 days previously with DNA coding for SEA and IL-4. (d) Muscles injected 14 days previously
with DNA coding for SEA and IL-2.
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The effects of injection of IL-4 cDNA were blocked by
chronic exposure of the injected animals to anti-IL-4 antibody
(data not shown).

Collectively these data show that members of the IL-2
cytokine family, particularly IL-4, were able to sustain T cells
after activation by superantigen in vivo. Although this result
could have been due to the ability of these cytokines to
promote T cell proliferation, it is also consistent with the idea
that these cytokines promoted activated T cell survival. This
conclusion is supported by IL-4 being more active in vivo than
IL-2, in spite of the fact that IL-2 is a better inducer of T cell
division and by the fact that IL-7, a cytokine with limited ability
to stimulate division of activated T cells (45), has effects that
are similar to those of IL-4 (S.D. and A.T.V., unpublished
observations).

DISCUSSION

The clonal selection theory and common sense predicts that an
encounter with antigen should make T cells divide and survive
for some time so that they can participate in an effective
immune response against invading organisms. Therefore,
many scientists were surprised when experiments showed that
T cells often die quickly after exposure to antigen in vivo (1–4).
This phenomenon, known as activation-induced cell death,
does explain how animals avoid overexpansion of their im-
mune system due to exposure, in the wild, to many different
invading organisms. It may also explain how animals avoid
attack by autoreactive lymphocytes.

During productive immune responses in animals, T cells
must somehow be protected against activation-induced cell
death. The experiments in this paper represent our attempts to
find cytokines that might participate in such rescue. Inflam-
matory cytokines such as TNFa, IL-1, and interferon g were
ineffective and did not prevent the death in vitro of T cells
previously activated in vivo. This was surprising because we
have previously shown that these inflammatory cytokines were
effective in vivo (22). These results suggest that the inflam-
matory cytokines must be acting in vivo via some other factors
that are not available in our in vitro cultures of purified T cells,
for example, via induction of B7 family members on dendritic
cells and macrophages.

Four cytokines were found to be effective in vitro. These
were IL-2, IL-4, IL-7, and IL-15, four cytokines that share the
gc as part of their receptors (38, 39). In vitro these four
cytokines prevented activated T cell death and, to varying
degrees, promoted the proliferation of these same cells. Mea-
surements of the numbers of T cells in G2yM or that had
undergone DNA synthesis suggested, however, that these
cytokines did not act simply to promote T cell division but
rather were genuine survival factors.

In vivo, IL-4 and, to a lesser extent, IL-2 sustained activated
T cells. Preliminary experiments (not reported in this paper)
showed that IL-7 had similar activity in vivo. These in vivo
experiments did not distinguish between the ability of the
cytokines to stimulate T cell proliferation or to promote
activated T cell survival. However, the fact that IL-4 sustained
activated T cell numbers in vivo better than IL-2, and that IL-4
is a better survival factor and worse proliferative factor than
IL-2 in vitro, suggests that at least part of the action of these
cytokines in vivo may be a result of their ability to promote
activated T cell survival. Others have previously shown that the
IL-2 group of cytokines protects long-term T cell lines from
death (9); however, the results reported here demonstrate
similar effects on short-term activated normal T cells, both in
vitro and in vivo.

As shown in this paper and reported elsewhere, the ability
of these cytokines to protect T cells from death probably
depends on their ability to induce expression of Bcl-2, a protein
that is known to protect T cells against death (33, 34). This

protein is probably induced via a signal transduction pathway
that involves the shared cytokine receptor chain, gc (38, 39).
The gc associates with the tyrosine kinase, Jak3. Interestingly,
recent experiments by Kawahara et al. showed that the kinase
activity of Jak3 is required for its ability to promote cell
proliferation but is not required for its ability to induce Bcl-2
(46). Likewise Ryan et al. have shown that although engage-
ment of the IL-4R can induce cell proliferation as well as
particular genes, different sites on the IL-4R are required for
the two functions (47). These results indicate that the prolif-
erative and rescuing activities of the IL-2 receptors may be
separated from each other. This explains why IL-4 and IL-7
may prevent the deaths of activated T cells without causing
substantial T cell proliferation, whereas rescue and prolifera-
tion are coinduced in activated T cells by IL-2 and IL-15.

We and others have previously shown that activation-
induced death of T cells is prevented in vivo by reagents such
as bacterial LPS or the heat-killed mycobacteria in Freund’s
complete adjuvant (4, 22). These materials probably act via
their ability to stimulate innate immune mechanisms and
production of inflammatory cytokines. The ability of these
adjuvants to protect T cells against death is probably crucial to
the development of a productive immune response and hence
to the ability of the host to reject invading organisms. Do
adjuvants such as LPS and Gram-positive cell walls operate via
the IL-2 family of cytokines identified in this paper and
elsewhere as protective? On the whole, they probably do not,
because most members of this family of cytokines are not
induced by adjuvants such as LPS. Moreover, in preliminary
experiments (not shown here), LPS protected T cells against
activation-induced death in mice lacking IL-4 or saturated with
anti-IL-7 antibody. Of the IL-2 family only IL-15 is known to
be induced by materials such as LPS (48). However, in
unpublished experiments we have not found increased levels of
IL-15 expression in animals in which T cells are being pro-
tected from activation-induced death. Therefore, the IL-2
cytokine family is probably not crucial to the action of most
adjuvants.

Arguments like these do not prove that the protective effects
of the IL-2 cytokine family are irrelevant to immune responses
in animals. Under certain circumstances this property may be
very important. For example, very quickly after exposure to
antigen, T cells increase the amounts of Fas on their surfaces
and theoretically become sensitive to Fas-induced death (5, 6).
Simultaneous production of IL-2 and, sometimes, IL-4 may
protect recently activated T cells against Fas-induced death.
Likewise production of IL-4 by, for example, mast cells may
serve to protect bystander activated T cells. Other candidates
as protective combinations, for example, CD28 engagement by
B7 proteins, may also act in part via the IL-2 cytokine family
because CD28 binding to B7 stimulates IL-2 production by
activated T cells.
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